Abstract. Wet carbon deposition is a critical node of the global carbon cycle, but little is known about dissolved organic and and September. The estimated annual wet carbon depositions were 1.91, 1.89 g C m -2 yr -1 for DOC and DIC, which were higher than those of other sites and lower than those in the tropical and sub-tropical sites. Furthermore, the loess dust deposition process provides soil parental material in soil formation process and might be another source of carbon at the LPR.
around the world (Dachs et al., 2005) . Consequently, precipitation is known to be a significant source of DOC and DIC in global carbon cycle. Concentration of DOC in precipitation in marine (0.28 mg C L -1 ) and continental (1.93 mg C L -1 ) is greater than nitric and sulfuric acid combined. There, the global flux of DOC and DIC via precipitation can be estimated at 30 4.3×10 14 and 0.8×10 14 g C yr -1 (Willey et al., 2000) . It is equivalent to 9% of the excess carbon released by fossil combustion and cement production (Schimel et al., 1996) . Consequently, the huge magnitude of carbon flux via precipitation drives relevant studies on wet carbon deposition as one of the key driving forces of global cycle. There is thus urgency to improve associated knowledge and understanding of atmospheric carbon wet deposition.
For relevant work in comparisons of various criteria on nitrogen and phosphorus of atmospheric deposition, only
35
few quantitative studies are available on the atmospheric wet carbon deposition. Similarly, studies conducted in exploring atmospheric deposition can be rarely found in the target research area, the Loess Plateau Region (LPR). In addition, carbon exchange between atmosphere and land has not been incorporated into current regional or global carbon cycle models (Jurado et al., 2008; Kieber et al., 2002) . Thus, the lack of measurement and quantitative knowledge, such as corresponding sources, chemical composition and variation pattern, has been shown the need for substantial information. Around the world, only few 40 quantitative studies can be found on carbon wet deposition, such as in Lithuania (Armalis, 1999) , Poland (Siudek et al., 2015) , USA (Iavorivska et al., 2017) , New Zealand (Kieber et al., 2002) and Brazil (Coelho et al., 2008) , which DOC flux in rainfall ranged 1.2 to 5.4 g C m -2 yr -1 . Not until recently, the only measurement data available were those related to wet deposition in northern and Tibetan region of China (Li et al., 2016; Pan et al., 2010) . Pan et al. (2010) reported that significant seasonal differences in DOC concentrations and deposition fluxes can be found in northern China. The corresponding annual average 45 concentration and deposition flux of DOC from atmosphere ranged from 2.4-3.9 mg C L -1 and 1.4-2.7 g C m -2 yr -1 . Li et al. (2016) also reported that the DOC concentration in seasonal precipitation varied between monsoon and non-monsoon period and the average deposition of DOC was 1.1 mg C L -1 that almost 1/3 was contributed by fossil fuel combustion. The annual deposition flux of DOC was about 0.63 g C m -2 yr -1 in Tibetan Plateau of China. These results indicated that a considerable spatial and temporal variation in wet carbon concentration and deposition flux between different regions. The differences
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were attributed to precipitation, air mass origin and also related to the source of carbon.
Atmospheric wet carbon deposition may occur by precipitation scavenging of aerosol-bound organic compounds, which was originated from biogenic (vegetation, biomass burning, etc) and anthropogenic sources (fuel combustion, industrial emission, etc) and carbon dioxide (Duarte et al., 2006; Houghton, 2003; May et al., 2013) . Furthermore, it has been demonstrated that emissions of incomplete fossil fuel combustion were a key source of DOC in precipitation, such as in 55 northern and Tibetan of China (Li et al., 2016; Pan et al., 2010) , USA (Mladenov et al., 2012; Raymond, 2005) , Europe (Siudek et al., 2015) and New Zealand (Willey et al., 2000) . For instance, contribution of fossil fuel combustion in DOC was around 22-28% in North America, European, and Tibetan of China. Therefore, spatial-temporal variation patterns and sources of wet carbon deposition contribute to carbon exchange between atmosphere and terrestrial environment. Despite a large 
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which is a critical step in understanding carbon cycle in LPR.
Previous studies have provided insights on the magnitude and importance of wet carbon deposition via precipitation worldwide. However, characteristics of DOC and DIC on the LPR have been rarely studied. The LPR (N35-41°, E102-114°), with area of 6.4×10 5 km 2 , situated in the middle stream of the Yellow River. The plateau is covered by an average thickness of 100m loess. Loess is formed by the accumulation of wind-blown silt (Ding et al., 2002) . Meanwhile, Zhu and Zhu (1990) shown that rain-out dust process refers fine-grained loess being washed down onto the land by precipitation and identified as an source of loess parent material in soil forming process. The fine-grained particle may serve as nuclei to form a rain droplet or cloud condensation. Consequently, it is worth noting that atmospheric dust scavenged by precipitation may be another source of organic carbon, which might differ from other regions. Moreover, Mladenov et al. (2012) In this study, data were collected from monitoring stations of rainfall quality in atmospheric wet deposition at a catchment of LPR. The primary goal of this study is to evaluate the magnitude of DOC and DIC flux from atmosphere so as to understand atmospheric wet deposition process during concentrated rainfall season in LPR. Specifically, three objectives were investigated: (1) to examine the relationship of DOC and DIC concentration in rainfall, (2) to clarify the variations in 80 concentrated precipitation season (July to September); and (3) to estimate the wet deposition flux of DOC and DIC in LPR.
These results will provide evidence of wet carbon deposition and fill a gap of the regional rainfall carbon cycle at a semi arid catchment in LPR.
Materials and Methods

Description of the sampling site
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As shown in Figure 1 
Collection of rainfall sample
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We collected rainfall samples from July to September, 2015.
The use of open to the atmosphere collector is a common approach to collect atmospheric wet deposition during each precipitation event. A rain gauge was installed on the roof of the building in the sampling site for determining precipitation volume and also can be used for collecting rainfall samples during a precipitation event. Another two duplicate rainfall samples were collected at each site, using a steel bucket (d=29 cm). After a precipitation event, the data of samples were transferred into a plastic bottle. All of rainfall containers
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were clean with deionized water after a collection and return to sampling site for next rainfall sampling. All of the samples were collected according to the precipitation amount. The collected rainfall events in July, August, September is 4, 7, 5, respectively, whereas the corresponding total rainfall events were 6, 12, 7 in each month.
In situ and laboratory measurements
In this study, there are three steps in conducting in situ and laboratory measurements. First, the TDS (Total
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Dissolved Solids), pH of unfiltered rainfall samples were immediately tested using a portable Ultrameter 6PFC (MYRON L.
Company, USA) after each rainfall collection. Then, each sample was filtered by a 0.45 μm membrane filter (Whatman, GE, USA) to removal particulates and 200 ml filtrates were stored at freezer to prevent biological activities. 
Data processing
In the present study, the DIC and DOC concentration in rainfall for a month or a rainy season were Volume-Weighted Mean (VWM) concentration, which is commonly used in wet deposition studies for minimizing the average effects of small rainfall amount (Li et al., 2017; Pan et al., 2010; Santos et al., 2011; Santos et al., 2014) . The calculation of VWM concentration and wet deposition flux were defined in the following equations:
where, Pi (mm) is the rainfall amount corresponding to each sample, Ci (mg C L -1 ) is the DOC and DIC concentration in an individual rainfall sample. n, m are the number of sampled and total rainfall events in a time period; F
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(mg C m -2 ) is the wet deposition flux of DOC and DIC in a month or rainy season in the study region. In order to analyze their potential relationships among DIC, DOC, NH 4 + -N, NO 3 --N, TDS, and pH, the Pearson's test (P<0.05) was performed using SPSS(Statistics Package for Social Science) (IBM, 2010) . The corresponding figures were developed by using Sigma Plot 10.0 (Systat, 2008) .
Results and Discussions
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Concentrations and flux of DOC and DIC
Concentrations of DOC and DIC were determined in rainfall samples collected from July to September, which is the rainy season (38% of total average annual precipitation). As illustrated in Figure 2- . Overall, the DOC concentration in July was highest with a significant difference than August and September,
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whereas the DIC was lower than the other two months. These results indicated that the different variation patterns of DOC and DIC during the rainfall events at rainy season in the LPR. Therefore, rainfall events may be considered as an important driver in translating atmospheric carbon to land.
As shown in Figure 2 ). In addition, DOC contributed primarily to wet carbon flux, with a proportion ranged from 78.8 to 85.9 % and an average was 82.9% in July. Then, the proportion of DOC contribution decreased in August and September, which was ranged from 7.6-41.8% with an average of 17%. Otherwise, DIC contribution in July was lower and , respectively.
Correlation analysis
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Correlations between DOC/DIC concentrations and NH 4 + -N, NO 3 --N, TDS, pH in rainfall events samples were shown in Table 3 
175
concentration and NO 3 -might be due to the source of vehicle emissions, which was a direct source of organic acids and NO 3 - (Figure 3-a) , as also stated by Santos et al. (2014) and Willey et al. (2000) . Meanwhile, DOC was also positively correlated with TDS and indicated that dissolved solids may contribute to organic carbon in rainfall, which probably related to the loess particle (Figure 3-b) . As shown in Table 2 
Comparisons wet carbon deposition with other sites
Owing to various sources, meteorological condition, seasons and sampling time in different regions, DOC and DIC in precipitation exhibited spatial and temporal variations. It should be noted that the investigation on DOC and DIC
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deposition via precipitation has not been conducted in the LPR. Moreover, to our knowledge, there were two similar observations were performed for other sites, northern and Tibetan of China (Li et al., 2016; Pan et al., 2010) . In this study, VWM DOC concentrations were ranged from 1.01-24.62 mg C L -1 during July to September. Meanwhile, VWM DOC concentrations in the rainy season (from July to September) were 7.06 mg C L -1 , which suggested that higher wet deposition of atmospheric organic carbon in the LPR. DOC concentrations measured in rainfall at LPR were much higher than those from Beijing (3.90 mg C L -1 ) (Pan et al., 2010) , and Lhasa (1.10 mg C L -1 ) (Li et al., 2017) , capital of Tibet Autonomous
Region in China. The carbonaceous aerosol particles and soluble organic gases in the atmosphere may have a major impact on DOC concentrations in precipitation. Pan et al. (2010) found that the relatively serious air pollution by industrial and urban traffic activities corresponded to a higher DOC concentration in Beijing than those in other northern of China. Also, Li et al. (2016) reported that the anthropological activities play an important role in increasing DOC concentration by providing 210 the organic gaseous and particles into atmosphere, such as intensively burning biomass for religious, vehicle transportation.
The Yangjuangou catchment located at the rural area with less potential pollution sources from transportation system, but it exhibited higher level of DOC compared to Beijing and Lhasa. As it may be seen in Figure 2 , the DOC deposition fluxes were the predominant proportion and higher concentrations in July, while DIC deposition fluxes became higher than DOC and associated with larger DIC concentrations in August and September. This might explain by a higher contribution of 215 anthropological emission in July. These results highlighted the simultaneous gaseous organic carbon (OC) source and rainfall events influence on the DOC and DIC deposition fluxes during wet deposition process. A higher relative proportion of DOC deposition fluxes with positive correlation observed between DOC and NO 3 --N concentrations may prove a higher contribution of anthropological emissions in July, as also reported by Santos et al. (2011) . Furthermore, NO 3 --N dissolved in rainwater and formed acid condition may reduce CO 2 dissolution, which observed lesser DIC concentration in July rainfalls.
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As rainfall amount and frequency increased, the occurrence of dilution effect and reduced gaseous OC may lead to a decreased DOC concentration and deposition fluxes in August and September. Indeed, Santos et al. (2014) between ions in rainwater, a seasonal effects on wet carbon deposition process was observed in LPR.
In addition, VWM concentrations of DOC in rainfall from the LPR was higher than observations reported for other sites in the world, such as USA (1.1-2.9 mg C L -1
) (McDowell and Likens, 1998; Quideau and Bockheim, 1997; Willey et al., 2000) , Brazil (3.3-4.1 mg C L -1 ) (Coelho et al., 2008) , New Zealand (0.12-4.81 mg C L -1 ) (Kieber et al., 2002) , .36 mg C L -1
) (Yan and Kim, 2012) , and Poland (4.72-5.10 mg C L -1 ) (Siudek et al., 2015) . Such differences between the 230 present studied region and other regions might be partly explained by the various carbon sources, meteorological type, sampling time scale and methods in mainland or coastal regions. Furthermore, the monthly VWM concentration of DOC ranged from 24.62 mg C L -1 (July) to 1.01 mg C L -1 (September). In this study, the highest DOC concentration occurred in
July might relate to abundance sources, such as aerosol, agricultural activities, and the meteorological conditions.
Furthermore, large variations of DOC concentrations may be attributed to loess dust scavenged by raindrops and might be a source of organic carbon. These results agreed with Mladenov et al. (2012) , who found that a high carbon deposition was associated with dust in Colorado Rocky Mountains, USA. Consequently, the role of loess dust deposition related to the wet carbon deposition cannot be negligible and be worthy special attention on characterizing the carbon deposition in this region.
Due to the limited sampling period, we did not determine the annual variation pattern of DOC, however, it reflected the DOC concentration in rainfall during the rainy season and highlighted the importance of investigating wet carbon deposition in the 240 LPR. Figure 2 showed the wet carbon concentration, deposition flux in July, August, and September. Therefore, it was estimated that annual wet deposition of DOC and DIC were1.91 and 1.89 g C m -2 yr -1 , which were much higher than that of other reported regions in China. For instance, the annual wet deposition flux of DOC and DIC was 1.9, 0.7 g C m -2 yr -1 in northern China (Pan et al., 2010) and 0.63 g C m -2 yr -1 of DOC flux observed in Tibetan Plateau (Li et al., 2016) . With regard to the worldwide sites, the estimated values in present study were much lower than reported in Brazil (Ribeirao Preto-4.8 g C m -2 yr -1
, Araraquara-5.4 g C m -2 yr -1 ) (Coelho et al., 2008) , USA (North Carolina-2.87 g C m -2 yr -1
) (Willey et al., 2000) .
Moreover, it was comparable to the annual wet deposition flux of DOC in Seoul, South Korea (1.90 g C m -2 yr -1 ), which was mostly originated from emissions by fossil-fuels combustion (Yan and Kim, 2012) . Therefore, atmospheric wet carbon deposition at semi arid catchment of LPR may have considerable differences among domestic or worldwide regions. It is
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further implied that the atmospheric wet carbon deposition exhibit a less precipitation with high concentration and represent a substantial carbon input of a watershed in semi arid area of LPR. Even though the annual wet carbon deposition flux was estimated and may have uncertainty due to limited samples, evidence of its significant role was revealed. Hence, further investigations should be long-term undertaken to verify the spatial-temporal variation pattern of atmospheric carbon deposition process in semi arid region in relation to the global carbon cycle.
4 Conclusion
In this study, concentration of DOC and DIC in rainfall was measured in period of July to September 2015 at 
